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Big Earth Data Facilitates Sustainable Development Goals
Abstract
In 2015, the United Nations adopted 17 sustainable development goals (SDGs) to guide the economic,
social, and environmental aspects of development. However, several factors have constrained the
implementation of the SDGs, including uneven development, lack of data, and the interconnection and
mutual restriction between the goals. In particular, the outbreak of COVID-19 pandemic in 2020
exacerbated the challenges faced by countries in implementing SDGs. This study focuses on the need to
improve data services for SDGs in order to strengthen scientific research on monitoring and evaluating
SDG indicators. We advocate for a scientific think tank that guides technological innovation for
sustainable development and provides suggestions on education and training for developing countries
that warrant serious consideration for rapid and meaningful sustained progress in the future. This paper
highlights research on improving SDG monitoring and evaluation of SDGs carried out under the Big Earth
Data Science Engineering Program of Chinese Academy of Sciences, the progress made in the
development of the big data information platform for SDGs, and the monitoring and evaluation of SDG
indicators. Further, the paper introduces the sustainable development scientific satellite due to launch in
October 2021, a first of its kind in a series of satellites and the International Research Center of Big Data
for Sustainable Development Goals (CBAS), which is being established to strengthen national and
international efforts through improved scientific support driven by innovative big data solutions for SDGs.
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The concept of sustainable development can be traced
①
back to the 1960s. In 1972 , the Club of Rome published the
report “The Limits to Growth” on the interrelationship between future population, food, industrial production, pollution, and consumption of non-renewable natural resources[1].
In 1987, the United Nations commissioned the World Commission on Environment and Development to submit the
report “Our Common Future”, which systematically articulated the idea of sustainable development. For the first time,
sustainable development was defined as development that
meets the needs of the present without compromising the
ability of future generations to meet their own needs [2]. In
1992, the United Nations Conference on Environment and
Development (UNCED) was held in Rio de Janeiro, where
the Rio Declaration on Environment and Development,
Agenda 21, and other documents were adopted with the
concept of sustainable development as the core.
At the United Nations Millennium Summit in 2000, leaders agreed on a set of development goals and targets, known
as the Millennium Development Goals (MDGs), for combating poverty, hunger, disease, illiteracy, environmental

degradation, and discrimination against women [3]. The
MDGs have been implemented, with remarkable achievements made. However, the process of meeting the goals is
still facing obstacles due to the uneven development between
regions as well as the global economic crisis. At the 70th
session of the United Nations General Assembly in 2015, 193
member states adopted “Transforming Our World: the 2030
Agenda for Sustainable Development” (hereafter referred to
as the 2030 Agenda for short), setting 17 Sustainable Development Goals (SDGs) and 169 targets [4]. The SDGs aim
to holistically address the development issues from social,
economic, and environmental aspects so that humanity can
embark on the path of sustainable development.

1

Problems and challenges facing SDGs

Lack of data, imbalanced development, and interrelated
and mutually constraining objectives are becoming major
challenges for achieving the SDGs. The COVID-19 pandemic has made it more difficult to achieve them, which has
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put forward a higher requirement for science, technology, and
innovation (STI) [5]. There are currently four challenges
constraining the achieving of SDGs.

1.1

Lack of data

In the Sustainable Development Goals Report 2020, the
United Nations Secretary-General António Guterres emphasized better use of data, in particular the role of STI in data
acquisition [5]. In the nearly six years since the adoption of the
2030 Agenda, all the SDG indicators that were lacking
methods or data have been improved. However, as of December 2020, 42% of the indicators have methods available
but lack data [6]. Moreover, the quantitative measurements of
the indicators with available methods and data are dominated
by statistical methods while lacking valid information on
spatial distribution. Objective and accurate spatial data on
different scales can provide data support for SDGs [7]. Overall, the lack of valid and well-supported data makes it impossible to monitor approximately 68% of SDG indicators
globally in a timely and effective manner [8].
The world is facing a string of problems caused by environmental changes, such as extreme heat waves, increased
frequency of fires, ocean acidification, intensified eutrophication, ongoing land degradation, decreasing biodiversity,
and severe impact on agricultural production and ecology. To
address the above problems and promote the achievement of
SDGs, we can derive important references by collecting
scientific data, quantitatively assessing their status in a timely
manner, and accurately predicting their trends.

1.2 Imbalanced development
Constrained by economic development and pressures of
resources and the environment, many developing countries
are confronted with high rates of child growth stunting, low
education coverage, inadequate urban housing and public
space, poor disaster resilience, weak access to safe and sanitary freshwater resources, and insufficient infrastructure. Due
to their weak capacity to regularly and effectively collect and
analyze data, such countries have not been able to use advanced technologies to monitor and evaluate the progress of
SDG indicators [9]. The lack of data can make the above
problems invisible and, to some extent, exacerbate the vulnerability of such countries.

1.3
Interrelated and mutually constraining
objectives
The SDG indicators feature a wide scope, a long time
span, and interdependence and interrelatedness between each
other, embodying the unity of wholeness and diversity, the
combination of hierarchy and organicity, and the integration
of complexity and feasibility [10]. The intrinsic correlations
among SDG indicators need to be identified before the collection of standardized and quantifiable scientific data and
proposal of objective and effective methods and models for
monitoring and evaluating indicators. Such practices have

become important directions that need to be urgently researched and one of the main challenges in implementing
SDGs. Additionally, it is worth focusing on a potential
trade-off between the currency and quality of data
production [11].

1.4 Impact of the COVID-19 pandemic
The COVID-19 pandemic, an event in public health security, has impacted all aspects of global sustainable development and has evolved into an economic and social crisis [12].
Health systems in many countries are on the verge of collapse, and the livelihoods of half of the global workforce are
severely affected. Over 1.6 billion students left school, while
tens of millions returned to extreme poverty and hunger [10].
The global sustainability score has declined for the first time
since its implementation in 2015 [10]. Meanwhile, the pandemic is jeopardizing data production that is critical to
achieving SDGs, while field data acquisition in many countries has been severely disrupted.

1.5 Big data response
Big data, in particular Big Earth Data, plays a significant
role in meeting the challenges of implementing SDGs. Big
data refers to massive, rapidly collected, complex, and highly
variable datasets that are made by capturing, storing, distributing, managing, and analyzing information with advanced technologies [13]. Big Earth Data means big data in the
Earth sciences with spatial properties. Big data and Big Earth
Data both have the general properties of being massive,
multi-source, heterogeneous, multi-temporal, multi-scale,
and non-smooth, as well as strong spatio-temporal and
physical correlations, and controllability of data generation
methods and sources [14,15]. Currently, Big Earth Data widely
applied in the research on SDGs includes data from remote
sensing satellites and sensor networks and involves trajectory, socio-economic statistics, opinions and behaviors, transactions, and surveys [16]. In this regard, satellite remote
sensing data are more common in the application of environment-related SDG indicators [17]. Regarding its role in the
research on SDGs, Big Earth Data can be used to improve the
coverage of monitored indicators by producing new datasets.
They can provide more timely data to fill and reconstruct the
gaps in time series, with SDG indicator results monitored at
finer spatial and temporal resolutions [18]. In summary, Big
Earth Data can facilitate the understanding of the complex
interactions and evolutionary processes between Earth’s
natural systems and human social systems so as to contribute
to achieving SDGs.

2 Big Earth Data Science Engineering Project
(CASEarth)
The Big Earth Data Science Engineering Project (CASEarth) funded by the Strategic Priority Research Program
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(A) of the Chinese Academy of Sciences (CAS) has been
established for serving SDGs with Big Earth Data [19]. Guided
by STI-enabled mechanisms, CASEarth has been designed to
promote the monitoring and evaluation of indicators of SDG
2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), SDG
11 (Sustainable Cities and Communities), SDG 13 (Climate
Action), SDG 14 (Life below Water), and SDG 15 (Life on
Land) by combining the strengths and characteristics of Big
Earth Data. The project has contributed to data products,
technical methods, case analyses, and decision-making support [19,20]. Big Earth Data science provides a solution for
studying and achieving global cross-cutting and interdisciplinary collaboration, representing an innovative practice for
the technology facilitation mechanism underpinning SDGs.
CASEarth has been implemented to practice the SDGs in
the following four dimensions (Figure 1). (1) SDGSATs are
to be launched to support monitoring and assessing SDG
indicators. (2) The big data-based information platform for
sustainable development has been built to support monitoring
and assessing SDG indicators in terms of data sharing, online
production of on-demand products, online calculation of
indicators, and visualization and presentation of results. (3)
Big Earth Data is used to build a methodological system to
monitor and evaluate SDG indicators. (4) Annual reports on

Figure 1

Big Earth Data in Support of the Sustainable Development
Goals have been released to showcase new progress of Big
Earth Data in supporting the implementation of the 2030
Agenda. The details are described below, where the content
concerning the implementation of Big Earth Data-enabled
SDGs is highlighted in section 3.

2.1

Developing SDGSAT-1

SDGSAT-1 is the world’s first scientific satellite dedicated
to serving the 2030 Agenda. The satellite, developed by
CASEarth, is scheduled to be launched in November 2021.
SDGSAT-1 has three payloads—thermal infrared, low-light,
and multi-spectral imagers—with 300 km width data acquisition capability, and can cover the globe in 11 days.
SDGSAT-1 aims to achieve a fine depiction of human activity
traces through all-day, multi-sensor collaborative observations to provide exclusive data for SDG indicators characterizing human–nature interactions.

2.2 Building a big data-based information platform for sustainable development
Based on the object storage system and cloud service
model, the platform has been designed for serving the unified
storage, management, and computing of SDG data as well as

Big Earth Data in support of scientific and technological implementation of SDGs from four dimensions
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the public, researchers, and decision-making. The platform
provides three functional modules, including the ChineseEnglish portal system, the research workbench, and the dedicated SDG repository. The research workbench integrates
SDG data production and indicator calculation tools for forest
cover, water distribution, and land utilization by interfacing
with multiple data calculation engines and data environments
such as DataBox and EarthDataMiner. It can provide users
with shared storage space between applications to meet the
data calculation and analysis needs of researchers/teams.
Meanwhile, the platform can promote the technical application of SDGs and provide global data and decision-making
support for implementing SDGs.

2.3 Releasing annual reports of Big Earth Data in
Support of the Sustainable Development Goals
In 2019 and 2020, the CASEarth team wrote annual reports, titled Big Earth Data in Support of the Sustainable
Development Goals[9,20], which were released by Chinese
national leaders at the high-level meetings of the United
Nations General Assembly. Specifically, Big Earth Data in
Support of the Sustainable Development Goals (2019) was
listed as one of the four official documents of the Chinese
government at the 74th United Nations General Assembly
and one of the two documents of the United Nations SDG
Summit, providing a new perspective and underpinning for
the international community to fill data and methodology
gaps and accelerate the implementation of the 2030 Agenda.
On the occasion of the 75th anniversary of the United Nations
and the 5th anniversary of the adoption of the 2030 Agenda,
Big Earth Data in Support of the Sustainable Development
Goals (2020) was released at the High-level Video Conference on Poverty Reduction and South-South Cooperation on

Figure 2

September 26, 2020, providing a reference for countries to
strengthen the monitoring and evaluation of the implementation of the 2030 Agenda.

3

Big Earth Data in support of SDGs

The technology facilitation mechanism, launched by the
United Nations in 2015, has been aimed at advancing the
implementation of the 2030 Agenda in terms of STI. The
Global Sustainable Development Report 2019, themed “The
Future is Now, Science for Achieving Sustainable Development”, proposed six entry points and four levers for the
transformation toward sustainable development [21]. CASEarth fully demonstrates the underpinning role of Big Earth
Data in achieving SDGs through the science and technology
lever as well as three entry points: food systems and nutrition
patterns, urban and peri-urban development, and global environmental commons (Figure 2).
(1) Food systems and nutrition patterns. For SDG 2.2.1
(prevalence of stunting among children under 5 years of age),
CASEarth monitored the spatial pattern and dynamics of the
prevalence of stunting among children under 5 years of age in
China from 2002 to 2017 (Figure 3). The prevalence decreased from 18.8% to 4.8% during 2002–2017, which
reached the corresponding target (5.9%) of SDG 2.2.1. For
SDG 2.4.1 (proportion of agricultural area under productive
and sustainable agriculture), CASEarth proposed a methodology integrating models of multiple disciplines for monitoring the sustainable development of food production [22].
From 1987 to 2015, the unit environmental impact of China’s
food production decreased, which made the food production
system more sustainable.

Relationship between six entry points and SDGs
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Figure 3
China)

Stunting under-five in 2002 (a) and 2017 (b) by province in China (no data available for Hong Kong, Macao, and Taiwan of

(1) Urban and peri-urban development. For SDG 11.2.1
(access to public transport), CASEarth produced
high-precision kilometer-grid population data by gender and
age groups in 2015, 2018, and 2020 [23]. According to public
transport network data, the project quantitatively assessed the
proportion of the population with convenient access to public
transport by gender and age groups. The overall proportion of
people with convenient access to public transport in 2020
reached 90.15%, up by 9.59% over 2018. For SDG 11.3.1
(urbanization), CASEarth produced global 10 m resolution
impervious surface products in 2015 and 2018 and urban
built-up area datasets from 1990 to 2020 to provide data
support for monitoring the indicator [24,25]. By extending the
SDG 11.3.1 indicator system, we analyzed the spatial and
temporal evolution of urbanization in China since the 1990s
from economic, social, and environmental dimensions, and
predicted the urban land use efficiency in China from 2020 to
2030, which unveiled the past process and main challenges of
China’s urbanization toward a coordinated manner [26] (Figure 4). We provided data and decision-making support for
monitoring and evaluating China’s urban inclusion, safety,
land use, and environment through integrated assessment of
multiple SDG 11 indicators on provincial or municipal scale
so as to deliver Chinese solutions for the sustainable development of cities across the world [9].
(3) Global environmental commons. For SDG 15.1.1 (forest
area), CASEarth autonomously produced the 2019 global 30 m
resolution forest cover data product with an accuracy of 86.45%.
The results show that the total global forest area is 36.92 × 108
hm2 or 24.78% of the global land area. From a continental perspective, South America has the highest forest cover (47.45%),
while Oceania has the lowest (12.80%) (Figure 5) [9].

4 China establishes the world’s first big data
institute for SDGs
STI is the key to achieving SDGs. The United Nations’
technology facilitation mechanism is highly consistent with
the innovation-driven concept proposed by China, and both
China and the United Nations promote development in various fields and the achievement of SDGs through STI. On
September 22, 2020, Chinese President Xi Jinping announced at the general debate of the 75th United Nations
General Assembly that China will establish an International
Research Center of Big Data for Sustainable Development
Goals to inject new impetus into the implementation of the
2030 Agenda for Sustainable Development. Through nearly a
year of preparatory work, the International Research Center
of Big Data for Sustainable Development Goals (CBAS) will
be established in September 2021.
Position of CBAS. CBAS, the world’s first organization to
serve SDGs with big data, is a scientific research center for
sustainable development, a data & information service and
technology innovation center, a global high-end think tank
for sustainable development, and a capacity building center
for talent training that underpins relevant United Nations
agencies and member states in implementing the 2030
Agenda.
Main tasks of CBAS. CBAS aims to establish a big data-based information platform for sustainable development,
conduct research on monitoring and assessing SDG indicators, develop and operate a series of scientific satellites for
sustainable development, establish a think tank on STI for
sustainable development, and provide education and training
for developing countries.
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Figure 4

Monitoring and simulation of China’s urbanization process

(a) Impervious surface mapping for China in 2018; (b) Evaluation of China’s urban land use efficiency from 1990 to 2020; (c) Future scenario simulation of
China’s urbanization from 2020 to 2030
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Figure 5

Global forest distribution in 2019 [9]

CBAS will strive to be a leader in research on the realization of SDGs supported by Big Earth Data. CBAS will make
use of new technologies covering big data, AI, and spatial
information to strengthen the integration of multidisciplinary
knowledge in natural sciences, social sciences, and engineering. The program will strive to deeply understand the
complex interactions and evolutionary processes between
Earth’s natural systems and human social systems, and develop a new paradigm of Big Earth Data-driven studies for
sustainable development. CBAS will be the disseminator of a
big data-based SDG methodology for developing countries
along the Belt and Road. Through the support and development of the International Science Program for the Digital Silk
Road, CBAS will continue to strengthen the construction of
the International Center of Excellence for the Digital Silk
Road, and build an open base for cooperation in SDGs among
countries and regions along the Belt and Road with common
research, complementary advantages, and mutual benefits. It
will build the International Center of Excellence as a way to
form a big data cooperation network of SDGs, one with different regional strengths and research characteristics covering the surrounding areas [29]. CBAS will constitute the
momentum in promoting the realization of SDGs through
STI. It will establish a global monitoring and evaluation
system for SDG indicators, provide a scientific basis and
decision-making support for the overall process of SDGs, and
quantitatively interpret the dynamics in SDG indicators and
sustainable development issues for countries, regions, and the
world.

5

Prospects

The process of achieving the SDGs has been hampered by
a severe lack of digital infrastructure for data exchange,
storage, and processing, and a significant decline in the ability to collect and analyze basic data on SDGs in low-income
countries and regions amid the pandemic. The world is also
facing new challenges and opportunities in recovering from
the COVID-19 pandemic and achieving resilient development. The economic recovery plans developed by governments across the world will make a choice between a green,
low-carbon, sustainable development model and an unsustainable development model of high pollution and high carbon. Governments, international programs, and organizations
play different roles in the STI for SDGs. However, there is an
urgent need for stakeholders to work together to develop a
systematic STI-enabled roadmap to coordinate global science
and technology resources to underpin the SDG process.
China’s science and technology community is in the middle of serving sustainable development with Big Earth Data.
To study a range of major scientific issues for SDGs from a
systematic, holistic perspective, we need to focus on the
following five areas.
(1) We need to improve the data service capability of
SDGs. We should study the technical methods of real-time
acquisition, on-demand aggregation, fusion and integration,
open sharing, and analysis of SDG data resources; form a
technical and methodological system for Big Earth Data to
support SDG indicator assessment; develop a series of spatial
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information products for SDG indicator assessment; and
deliver open sharing to United Nations agencies and member
states.
(2) We need to strengthen the research on monitoring and
evaluating SDG indicators. We need to use deep learning, AI,
blockchain, spatial information, and other cutting-edge
technologies to study new methods and models for rapid,
dynamic monitoring of SDG indicators. We need to study
prediction models for SDG indicators and provide governance simulation guidance for future evaluation of SDGs.
(3) We have been developing SDGSATs. In response to the
needs of the main indicators of SDGs, we have been designing and planning the SDGSATs. By comparing the existing satellite resources in China and abroad, we have
comprehensively demonstrated the performance indicators of
the payloads of SDGSATs to support the development of
high-performance satellites, with a view to providing exclusive satellite data for SDG research to United Nations
member states.
(4) We will establish a think tank on STI for sustainable
development. We will conduct research on the roadmap of
STI for sustainable development, develop a series of cases of
Big Earth Data for sustainable development, and study the
technical and practical solutions of STI-driven sustainable
development in the Belt and Road regions. We will support
the integrated analysis of major research results and interactive scenario projection of major decisions to support the
United Nations and China in their STI-driven sustainable
development.
(5) We will offer education and training to developing
countries. For developing countries, especially for countries
and regions along the Belt and Road, we will provide education and capacity building of professional talent for monitoring and assessing SDG indicators; build a capacity
building system of SDG indicators for data services, localization, frontier monitoring technologies, online calculation
and evaluation; and enhance the scientific and technological
capacity for the realization of SDGs along the Belt and Road.
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